In 5 different mouse strains, we observed alopecic lesions most commonly in male breeding animals kept with C57BL females. Alopecic areas were .Iocated most frequently on the head, but were also found over the shoulders, the back and the pelvic regions. Observations gained through time-lapse photography indicate the cause is a slight increase in self-grooming and a dramatic increase in allogrooming by their female partners.
Summary
In 5 different mouse strains, we observed alopecic lesions most commonly in male breeding animals kept with C57BL females. Alopecic areas were .Iocated most frequently on the head, but were also found over the shoulders, the back and the pelvic regions. Observations gained through time-lapse photography indicate the cause is a slight increase in self-grooming and a dramatic increase in allogrooming by their female partners.
The increased frequency of lesions of males kept with C57BL females suggests that the increased grooming activity may be genetically determined.
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Defects of skin and fur in groups of mice have been frequently described. Several aetiologies have been suggested, including viral and bacterial infections (Stowe, Wagner & Pick, 1971) , infestation with ectoparasites (Csiza & McMartin. 1976; Weisbroth, Friedman & Scher, 1976) , muzzle poking through ventilation holes resulting in mechanical damage (Litterst, 1974) , hair chewing and hereditable factors (Reinhard & Militzer, 1979; Thornburg. Stowe & Pick. 1973) . In rats the application of toxic substances (Hulan, Hunsaker, Kramer & Mahadevan, 1976; Lee, Terrill & Henry, 1977) has also been held responsible.
The large number of possible causes (or at least predisposing factors), the apparent random incidence and the correlation with specific keeping situations. makes the aetiology of alopecia difficult to pinpoint. A systematic study would require much time and many animals to provide spontaneous cases of alopecia and so practically case numbers are usually small so that comprehensive statistical analysis is not possible. In the past 5 years we have analysed all spontaneous cases of alopecia found in our breeding colonies of mice and here we describe the pattern of fur changes and the underlying grooming behaviour. Twice yearly the fur condition of all breeding animals was determined and lesions of alopecia were recorded by drawings. Representative skin lesions were biopsied, stained with haematoxylin-eosin or Masson-Goldner and examined histologically. In order to assess the extent to which the grooming behaviour influenced the development of alopecia, 10 breeding pairs were studied in morc detail (a pair being one male and one female C57BL). 5 pairs had no lesions and 5 other pairs had males which showed typical alopecic areas. They were placed for 2 h (between 14.00 and 17 .0011) 80-LOO sequences was taken of each pair of mice in the study. Each film sequence of approx. 2 s duration contained 36 film pictures and was followed by a pause of 60 s. Orientation of self-and allogrooming behaviour was documented.
Materials and methods
The frequency of these behaviour traits was analysed by a 2-step variance analysis. Fig. 1 and different degrees of severity can be seen. In all 3 cases the skin appeared grossly normal, only the loss of hair being noticeable. Simple alopecic areas were found particularly on the head and in the muzzle region (whisker-trimming), but also over the shoulders, the back and the pelvic region. The typical pattern became obvious when our observations were composed into one drawing (Fig. 2) . In areas of previous fur chewing. hair regrowth in the C57BL mice was usually grey rather than black. Occasionally we observed the development of minor hair defects progressing to a deep and disfiguring dermatitis (Kunstyf, Heimann, Matthiesen & Militzer, 1980; Stowe et al., 1971) . Alopecia was especially frequent in male mice kept in permanent monogamous breeding groups with C57BL females ( Table 1) . The incidence and size of these skin defects correlated with the length of time spent as breeding animals. In males less than 9 months of age, 18% showed alopecia compared with 93% of males over 1 year old. The incidence of alopecia was not significantly influenced by either the breeding system or the strain of males.
Females of the C57BL and 'Heiligenberg' albino strains showed fur lesions only rarely. No alopecia was found in male or female mice of the CBA, BALB/c and C31-1 strains.
The histology of alopecic skin areas showed a reduction of hairs extending above the skin surface, deformation of hair shafts within follicles. moderate hyperplasia and parakeratosis of the epidermis, and mild inflammatory changes in the subcutis (see also Csiza & McMartin, 1976; Thornburg el al., 1973) .
The grooming behaviour of the 10 intensively studied C57BL breeding pairs is summarized in Table 2 . The frequency of allogrooming is defined as the number of grooming acts directed towards the cage partner. In pairs showing no alopecia, the male and the female mice spent similar amounts of time in allogrooming activity. The females. however, indulged in substantially more self-grooming than their male partners (F = 5·32, P < 0·05) and the combined grooming activity (self and allo) of the females was statistically significantly greater than that of the males (F = 5·75, P < 0·05). We are not able to support further conclusions with statistical analysis because of the small number of animals studied, the great variability of grooming behaviour and because the frequency of self-and allogrooming are inversely related.
In pairs with alopecic males, the females spent less time self-grooming and much more time allogrooming.
The increased allogrooming activity was directed mainly towards the head and back regions of their male partners ( Table 2) . The alopecic males indulged in somewhat more selfgrooming than did unaffected males. This was directed mainly towards the alopecic areas on their back. Again in comparison with males of unaffected pairs, alopecic males spent less time allogrooming. The last row of Table 2 gives the average total number of grooming acts (self and allo) received per animal. Males with alopecia were recipients of almost twice as many acts of grooming as males without. They received approximately the same number of acts as females kept together with non-alopecic males. Of the grooming acts received by the alopecic males, 79% were from their female partners. Film sequences showed allogrooming to be directed to small and well defined body regions and to be of an aggressive intensity. In contrast the acts received by females kept with non-alopecic males were mainly (67%) the results of self-grooming.
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Fig. 2. Localizalion of alopecic lesions in 20 male CS7BL
and eRA mice. Intensity of blackness correlates with thc incidence of fur defects in thc area. increased allogrooming activity and intensity by the females and increased self-grooming by the males.
Film sequences showed self-grooming actIvIty of both sexes to be less intensive and less regionally directed.
Females of both alopecic and non-alopecic pairs committed approximately the same number of grooming acts. However, females kept with alopecic males committed twice as many acts of allogrooming and only half as many of self-grooming as their counterparts with intact males. The hair defects of the males were. therefore, the direct result of both Discussion Alopecia areata in mice, found in typical grooming regions, has been suspected to be due to hyperactive grooming behaviour.
We are able to substantiate this theory with direct observations.
Up to now, comprehensive photographic documentation of this alopecia has been rare. Our distribution pattern drawing was obtained by pooling many cases of alopecia and clearly shows the typical localization of the lesions. That whisker-trimming precedes fur chewing (Long, 1972; Reinhardt & Militzer, (979) .
is in agreement with our own observations. In this '----' significant differences (P < 0·05) study we did not further analyse this phenomenon but concentrated on the origin and development of alopecia.
Our finding that the alopecia areata occurs with especially high frequency in mice belonging to the C57BL strain is in agreement with that of others (Csiza & McMartin, 1976; Long, 1972; Stowe et al., 1971; Thornburg et al., 1973) and as also found by others the albino strains BALB/c and 'Heiligenberg' rarely, if ever, develop fur lesions (Stowe et al., 1971; Thornburg et al., 1973; Weisbroth et al., 1976) . However, we hesitate to draw conclusions regarding the relationship between strain or coat colour of mice and the occurrence of this alopecia. As only a small randomly selected group of strains has been studied, we can say at the most that it is a general occurrence. The relatively high frequency of alopecia in C57BL mice as described in the literature may be because lesions are more obvious in these black-haired animals and because this strain predominates among inbred mice in use today.
There is considerable disagreement regarding the relationship between the incidence of alopecia and sex of the mice. This is largely because their studies were based on various different husbandry conditions. We, therefore, limited our study to breeding mice kept in small, numerically defined groups. Based on this, we were able to demonstrate the occurrence of alopecia predominantly in male mice kept with C57BL females. Csiza & McMartin (1976) made similar observations. Our behavioural investigations indicate the de-fect~, are maintained by an increase both in allogrooming activity and intensity of the female C57BL mice and in the self-grooming activity of the affected males (Table 2) . Such increased hairtrimming of males by C57BL females was also noticed by Long (1972) . If mice with established skin defects are housed singly, hair regrowth will take at least 60 days in young animals (Strozik & Fesling, 1981) and much longer in older mice (reviewed by Militzer, (982) .
The stimulus for this excessive grooming activity of the females has not as yet been determined, but a genetic predisposition of C57BL mice is postulated by most authors. Grooming activity can of course also be affected by a difference in social rank in the cage partners. For example, subordinate albino mice exhibit increased self-grooming in comparison with dominant animals (Benton & Brain, (979) . Dominant C57BL males perform considerably more allogrooming than lower ranking ones (Clark & Schein, 1966) . Such animals have been shown to exhibit status-dependent alopecia and whisker loss (Long, 1972; Reinhardt & Militzer, 1979; Strozik & Festing, 1981) . Furthermore, disturbances and noise in animal rooms can increase considerably the grooming activity of mice and rats (Beilharz & Beilharz, 1975; Cohen & Price, 1979) .
In conclusion, before the skin and fur lesions of laboratory mice are termed 'experiment-related', the above discussed, experiment-unrelated, causes should be definitely ruled out.
